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(54) OBJECT CLASSIFICATION

(57) The present disclosure relates to a sensor signal
processing unit for classifying one or more objects based
on sensor signals received from one or more sensors.
The sensor signal processing unit comprises an input
interface adapted to receive the sensor signals and a
control unit adapted to determine an object state asso-
ciated with each of the one or more objects based on the
sensor signals, an object state comprising an object mo-

tion state and an object classification. An object classifi-
cation comprises an object class type and an object ex-
istence probability (180). The control unit is arranged to
determine at least part of the object classification of a
first object based on sensor signals related to the object
classification of the first object, and on an existing object
state of the first object.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a sensor sig-
nal processing unit, a sensor arrangement, and a vehicle
comprising a sensor arrangement for enhanced object
classification.

BACKGROUND

[0002] Today, vehicle environment sensor systems,
such as camera systems, radio detection and ranging
(radar) systems and light detection and ranging (lidar)
systems, can be mounted on a vehicle, often referred to
as an ego vehicle, to detect and to track objects in a
vicinity of the vehicle. The input from these sensor sys-
tems can be used to automate vehicle systems such as
speed control and collision prevention. Auto alignment,
ego motion estimation, scene understanding, lane keep-
ing assist (LKA) and automated driving (AD) are also
enabled by using the sensor system input signals.
[0003] Lidar and radar systems are sensor systems
arranged to produce output comprising a series of reflec-
tion points as measured by radar and lidar sensors. Re-
flection points can be treated as separate detections or
grouped if they relate to the same object. Reflection
points or groups of reflection points observed over time
can be used to track the motion of an object over time.
Such a determination over time is referred to as the track
of an object.
[0004] Camera systems are sensor systems that
present image data comprising a plurality of image pixels
representing detected images.
[0005] The obtained information, i.e., the sensor sig-
nals, confers information of relevant objects, e.g., vehi-
cles, pedestrians, road boundaries etc. Each object state
is associated with a motion state. The motion state of an
object describes, e.g., the distance from the ego vehicle
to the object, a relative or absolute velocity vector of the
object in relation to the ego vehicle, and a relative or
absolute acceleration vector of the object in relation to
the ego vehicle. The motion state of tracked objects is
updated continuously to reflect changes in object motion.
For instance, acceleration and velocity vectors com-
prised in the motion state will increase in magnitude if a
tracked object brakes or otherwise changes its velocity.
[0006] A Kalman filter can be used to update object
motion states based on received sensor signals. The ob-
ject states are then predicted in a prediction step to the
next measurement point in time and then updated by the
measurement. Alternatives for updating motion states in-
clude, e.g., extended Kalman filters, Wiener filters, se-
quential minimum mean-squared error (MMSE) filters,
and particle filters.
[0007] For driver assistant systems, it is desirable to
classify and characterize all relevant objects around the
ego vehicle. Possible object class types include, e.g.,

other vehicles, pedestrians, lorries, cyclist etc. Object
class types may also comprise fixed objects such as road
signs, road boundaries, and fixed obstacles in general.
Therefore, for each detected object, an object class type
is preferably determined. The class type can for example
be used to adapt or optimize the tracking algorithm or
used to trigger an emergency braking procedure in the
ego vehicle.
[0008] Further, acquiring an object existence probabil-
ity is also desirable. The aim here is to know how certain
the tracking or sensor fusion algorithm is that a certain
object actually exists and that a false alarm or false de-
tection is not present. This object existence probability
can for example be used to avoid an emergency brake
to avoid colliding with a non-existing object.
[0009] US 9239380 B2 discloses a pedestrian collision
warning system in which the information about the pres-
ence of a pedestrian is based on the information deter-
mined by the vehicle camera and, e.g., a millimeter wave
radar. US 9239380 discloses fusing sensor input signals
from different types of sensors to improve performance
of the warning system.
[0010] It is, however, desired to provide a sensor signal
processing system that is adapted to enhance the deter-
mining of object classification.

SUMMARY

[0011] It is an object of the present disclosure to en-
hance the determining of object classification. Said object
is achieved by a sensor signal processing unit for clas-
sifying one or more objects based on sensor signals re-
ceived from one or more sensors. The sensor signal
processing unit comprises an input interface adapted to
receive the sensor signals and a control unit adapted to
determine an object state associated with each of the
one or more objects based on the sensor signals. An
object state comprises an object motion state and an
object classification. An object classification comprises
an object class type and an object existence probability.
The control unit is arranged to determine at least part of
the object classification of a first object based on sensor
signals related to the object classification of the first ob-
ject, and on an existing object state of the first object.
[0012] Hereby, determining of object classification is
enhanced since additional information related to the clas-
sification is extracted from the existing object state of the
first object and used in the determining. A more stable
and accurate determining of object state is obtained, as
will be explained below.
[0013] According to some aspects, the sensor signal
processing unit is comprised by a sensor arrangement
arranged to be mounted to a vehicle. Thus, advantages
described herein related to the determining of object clas-
sification improves performance of, e.g., speed control
and collision prevention systems. Systems such as auto
alignment, ego motion estimation, scene understanding,
lane keeping assist and automated driving also benefit
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from the obtained enhancements.
[0014] According to one aspect, the control unit is ar-
ranged to determine the object existence probability of
the first object based on an existing object motion state
of the first object.
[0015] This way the determining of object existence
probability is enhanced since the existing object motion
state is accounted for in the determining.
[0016] According to another aspect, the control unit is
arranged to determine the object existence probability of
the first object based on an existing object class type of
the first object.
[0017] Consequently, the determining of object exist-
ence probability is enhanced since information present
in the existing object class type is exploited in the deter-
mining process.
[0018] The sensor signal processing unit, according to
an embodiment, comprises a database unit. The control
unit is arranged to determine the object existence prob-
ability based on existence probability data stored in the
database unit corresponding to the existing object class
type of the first object.
[0019] This is advantageous since existence probabil-
ity data stored in the database is used to enhance the
determining of object existence probability.
[0020] According to some aspects, a value of an ex-
istence probability measure comprised in a sensor signal
associated with the first object is adjusted based on the
existing object class type of the first object.
[0021] This way sensor input signals comprising a val-
ue of an existence probability measure can be refined by
using existing information on object class type. It is ap-
preciated that existing sensor systems can be re-used
with increased performance due to the disclosed adjust-
ment procedures.
[0022] According to other aspects, the control unit is
arranged to determine the object class type of the first
object based on an existing object motion state of the
first object.
[0023] Thus, determining of object class type is en-
hanced by exploitation of existing information on object
motion state.
[0024] According to further aspects, the control unit is
arranged to determine the object class type of the first
object based on an existing object existence probability
of the first object.
[0025] As will be shown by way of example below, the
determining of object class type can be refined if existing
information on object existence probability is accounted
for in the determining.
[0026] There is also disclosed herein a method per-
formed by a sensor signal processing unit for classifying
one or more objects based on sensor signals received
from one or more sensors. The method comprises re-
ceiving the sensor signals via an input interface of the
sensor signal processing unit, and determining, by a con-
trol unit of the sensor signal processing unit, an object
state associated with each of the one or more objects

based on the sensor signals. The object state comprises
an object motion state and an object classification. An
object classification comprises an object class type and
an object existence probability. The determining com-
prises determining at least part of the object classification
of a first object based on sensor signals related to the
object classification of the first object, and on an existing
object state of the first object.
[0027] Consequently, as was discussed above in con-
nection to the disclosed sensor signal processing unit,
determining of object classification is enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The present disclosure will now be described
more in detail with reference to the appended drawings,
where:

Figure 1 is a block diagram illustrating an ego vehicle
detecting objects by using sensor systems;

Figure 2 is a block diagram schematically illustrating
a sensor signal processing unit and sensor
systems;

Figure 3 is a block diagram schematically illustrating
a sensor signal processing unit and sensor
systems;

Figure 4 is a flowchart illustrating methods according
to the present disclosure.

Figure 5 shows a schematic top view of a vehicle and
example tracked objects;

DETAILED DESCRIPTION

[0029] The inventive concept will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which certain embodiments of the inven-
tive concept are shown. This inventive concept may,
however, be embodied in many different forms and
should not be construed as limited to the embodiments
set forth herein; rather, these embodiments are provided
by way of example so that this disclosure will be thorough
and complete, and will fully convey the scope of the in-
ventive concept to those skilled in the art. Like numbers
refer to like elements throughout the description. Any
step or feature illustrated by dashed lines should be re-
garded as optional.
[0030] An ego vehicle is a vehicle carrying sensor sys-
tems. The ego vehicle sensor systems detect objects in
a vicinity of the ego vehicle. For driver assistant systems
it is crucial to identify all relevant objects around the ego
vehicle. The type of object is herein referred to as the
object class type and is comprised in the object classifi-
cation part of an objects state. An object class type can
be, e.g., car, pedestrian, truck, cyclist, motorcycle, road
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sign, road boundary, traffic light.
[0031] Thus, for each detected object an object class
type is preferably determined. The class type can be
used, e.g., to adapt and optimize a tracking algorithm or
to trigger an emergency braking action. For instance,
when using a Kalman filter to track objects over time, the
class type can have an impact on the prediction step in
the Kalman filtering process.
[0032] Some sensor systems generate sensor signals
comprising information on an inferred object class type.
For example, some camera-based systems comprise a
classifier arranged to identify rear ends of vehicles. Such
camera systems are then able to generate a sensor sig-
nal comprising information about an object’s class type.
Radar systems are often not able to directly identify the
object class type. However, some radar systems are ar-
ranged to infer an object class type from measuring a
radar cross section (RCS) of a detected object. Other
radar systems are arranged to generate a sensor signal
comprising a measure of RCS for each detected object.
Some sensor systems are configured to calculate or de-
rive an object classification probability, which measures
how certain the classification is.
[0033] For instance, a camera system may be almost
sure that a rear end of a truck is visible, and will in such
case report a probability value of say 0.9 on a scale from
0 to 1, or 90% on a scale from 0% to 100%. The same
object may also be reported by a radar sensor to be a
truck, due to its relatively large RCS, but the radar system
may report a lower object classification probability of say,
0.6 on a scale from 0 to 1, or 60% on a scale from 0% to
100%.
[0034] It is also possible that a sensor system gener-
ates sensor signals comprising multiple object class
types for a single object with corresponding probabilities,
e.g., 0.8 or 80% probability that it is a vehicle and 0.2 or
20% probability that it is a pedestrian.
[0035] An object existence probability is commonly
used in object detection and tracking systems. It is com-
prised in the object classification of an objects state. The
aim is to know how certain the system is that the object
actually exists and is not a false alarm, radar clutter, or
false detection. This object existence probability can be
used to, e.g., avoid an unnecessary emergency brake
due to a non-existing object.
[0036] The existence probability of an object gives an
indication about how sure the sensor system and the
tracking algorithm is that there is a physical object asso-
ciated with the object track and not a false-alarm. Some
sensor systems are arranged to generate sensor signals
that comprise a measure of existence probability or a
detection probability / false alarm rate. Detection proba-
bility herein refers to a probability that the sensor system
is able to reliably detect an object. False alarm rate
means the rate a detection is sent from a sensor at a
position, where no physical object is present at that po-
sition. A further information could be the number of cycles
/ timespan the object has been seen. The longer an ob-

jects detection persists, the more likely it is to correspond
to a real physical object and not to a false detection.
[0037] With reference to Figures 2 and 3, there are
some different types of sensors 111, 112 used to gener-
ate sensor signals 110. Different sensor systems pro-
duce information on object class type and object exist-
ence probability with varying quality and granularity;
[0038] Advanced camera-based sensor systems are
often able to generate sensor signals comprising infor-
mation on both object class type and object existence
probability. High resolution radar or laser scanners with
class estimation functionality based on motion are also
available. These sensor systems are also often able to
generate sensor signals comprising information on both
object class type and object existence probability. Many
sensor systems are arranged to provide information on
object existence probability, provided that an object ex-
istence probability determining module is comprised in
the sensor system. Low cost sensor systems, in general,
do not provide refined information on class type and ex-
istence probability.
[0039] A tracking filter, e.g., a Kalman filter, maintains
tracks associated with detected objects based on sensor
signals received from the sensor systems. Each object
track is associated with an object state. The object state
comprises an object motion state which describes a set
of physical parameters related to the tracked object. For
instance, object motion state may comprise a position in
relative or absolute coordinates, a heading vector, a ve-
locity vector, and an acceleration vector.
[0040] This motion state is continuously updated as
sensor signals related to the motion state are received
by the tracking algorithm. The tracking filter may, accord-
ing to some aspects, also maintain and update an object
classification for each track. The tracking algorithm, or
tracking filter, may be denoted a sensor fusion algorithm,
in that it is able to receive information from several dif-
ferent sensor systems and other sources and fuse this
information into a single object state describing the be-
havior of a tracked object over time. Herein, the terms
sensor fusion system, fusion, tracking filter, and tracking
algorithm will be used interchangeably.
[0041] In prior art approaches, an object existence
probability, an object class type and an object motion
state are estimated or determined independently of each
other. This has the disadvantage that the class type and
the motion state of an object cannot be used to improve
the determination of existence probability for the same
object. This also has the disadvantage that the existence
probability and motion state of an object cannot be used
to improve the determination of class type for the same
object. Furthermore, in scenarios where sensor systems
are not able to generate sensor signals comprising infor-
mation on, e.g., existence probability, such information
will be unknown in the object state, which is a disadvan-
tage in the prior art.
[0042] Sensor fusion systems according to prior art
combine detection information from multiple sensors.
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The sensor systems provide these detections, or sensor
signals, at the same time instant (triggered, synchronous)
or at different time instants (non-triggered, asynchro-
nous). However, sensor inputs related to determining
class type are fused in one process, and sensor inputs
related to determining object existence probability are
fused in another separate process.
[0043] Consider the following example which serves
to illustrate aspects of prior art sensor fusion systems,
with reference to Figure 1.
[0044] A camera-based sensor system, sensor A, sees
target vehicle 1 (Cam-Track A) and generates a sensor
signal that is received by the fusion system of the ego
vehicle. The fusion or tracking algorithm stores this in-
formation as fusion track 1.
[0045] A radar-based sensor system, sensor D, sees
the same vehicle (Rad-Track A) but also sees a pedes-
trian (Rad-Track B). The radar-based sensor system
generates a sensor signal comprising both object detec-
tions which is received by the fusion system.
[0046] The fusion system now associates Rad-Track
A with fusion track 1 and combines sensor signals related
to fusion track 1, e.g. longitudinal position and velocity
from the radar-based sensor system with lateral position
and velocity from the camera-based sensor system. The
fusion system also sets up a new track, fusion track 2,
for the detection Rad-Track B.
[0047] The camera-based sensor system, Sensor A,
provides with Cam-Track A an object class type of vehicle
and an object existence probability of 90%, so that these
values are associated with the object state of fusion track
1. Since the radar-based sensor system, Sensor D, gen-
erates no sensor signal output directly related to object
class type nor directly related to object existence proba-
bility it does not affect these properties of the object state
of fusion track 1 according to prior art. For fusion track
2, these properties of the object state are unknown in the
prior art. It is a disadvantage of the prior art that object
state properties are incomplete. It is another disadvan-
tage that object state properties are not derived in the
most accurate manner possible, as will be discussed be-
low in connection to a discussion of advantages associ-
ated with the present inventive concept.
[0048] Suppose now instead sensor D is a high-reso-
lution radar, which is configured to identify or otherwise
determine object class type and comprises an existence
probability determination module for determining object
existence probability. After the association for fusion
track 1, object class type and object existence probability
are updated. E.g., the radar-based sensor system pro-
vides an object class determined as vehicle and an object
existence probability determined as 95%, so that the ex-
istence probability would increase from 90% (camera on-
ly) to e.g. 97% as we are now more certain than with
radar only, since camera has seen the object as well.
The object class type would only be confirmed in this
case. If it would differ, e.g., if the radar-based sensor
system identifies a pedestrian while the camera-based

sensor system identifies a vehicle, fusion would need a
strategy to combine the varying class type. A solution
could be to trust the camera-based sensor systems more
and keep the vehicle classification, but reducing class
probability by an amount. In this way, according to prior
art, sensor signals are fused in one process for object
type, and another separate process for object existence
probability.
[0049] Instead of determining object class type and ob-
ject existence probability separately and directly from
sensor signal input, as is known in the prior art, and was
exemplified above in connection to Figure 1, a new ap-
proach will be described. Object class type and object
existence probability are, according to some aspects of
the present disclosure, derived by including the object
motion state of a tracked object and combining the class
type and existence probability determination into a joint
determination of object state comprising motion state,
object class type, and object existence probability.
[0050] Beside the information provided by sensor sys-
tems discussed above, information from sensor fusion,
i.e., from the tracking algorithm, is used to adapt and/or
to correct sensor system signal input related to object
class type and object existence probability. For sensor
systems which do not provide any information about
class type and existence probability, both values can be
estimated by using existing information, as will be made
clear by illustrative examples below.
[0051] With reference to Figure 2, there is disclosed a
sensor signal processing unit 100 for classifying one or
more objects based on sensor signals 110 received from
one or more sensors 120. The sensor signal processing
unit comprises an input interface 130 adapted to receive
the sensor signals and a control unit 105 adapted to de-
termine an object state 140 associated with each of the
one or more objects based on the sensor signals. Sen-
sors like 112 may provide a class type value 113 and/or
existence probability value 114 for each object or no ad-
ditional information. An object state 140 herein comprises
an object motion state 150 and an object classification
160. An object classification 160 comprises an object
class type 170 and an object existence probability 180.
The control unit 105 is arranged to determine the object
classification 160 of a first object based on sensor signals
110 related to the object classification of the first object,
and on an existing object state of the first object.
[0052] Thus, advantageously, an object classification,
i.e., object class type and object existence probability, is
determined more accurately and/or more robustly than
in methods disclosed in the prior art, since more infor-
mation is used in the determining.
[0053] Also, advantageously, an object class type of a
detected object can be determined even in cases where
no sensor signal is received that comprises direct infor-
mation about such object class type.
[0054] Furthermore, advantageously, an object exist-
ence probability of a detected object can be determined
even in cases where no sensor signal is received that
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comprises direct information about such object existence
probability.
[0055] Another advantage of the disclosed sensor sig-
nal processing unit is that it can enhance operation using
existing sensor input signals. This way, a sensor arrange-
ment comprising sensors and the sensor signal process-
ing unit may re-use existing sensor input signals, without
alteration or modification.
[0056] It is appreciated that the determining of a first
measure, value, or quantity based on a second measure,
value or quantity herein means that the second measure,
value, or quantity is used at least in part to calculate,
estimate, or otherwise determine the first measure, val-
ue, or quantity.
[0057] For example, a probability value may be ana-
lytically derived conditioned on knowledge of another
probability value. For instance, for independent events,
a conditional probability can be derived using Bayes rule
or using a product of separate independent probabilities.
[0058] As another example, ’determining based on’
may comprise adjusting the first measure, value, or quan-
tity by an amount specified by a pre-defined function or
table using the second measure, value, or quantity as
argument or index to the function or table. The pre-de-
fined function or table may be constructed from experi-
mentation, from computer simulation, or it can be ana-
lytically derived.
[0059] Yet another example of the ’determining based
on’ comprises assigning a pre-defined measure, value,
or quantity chosen based on the second measure, value
or quantity. For instance, a class type of ’vehicle’ may
imply that a corresponding existence probability is set to
80%, while a class type of pedestrian implies that the
same existence probability is set to 60%, again based
on a table or other form of database structure.
[0060] Further examples of determining a given meas-
ure, value, or quantity based on another measure, value,
or quantity will be given below.
[0061] Regarding the sensor signals discussed herein,
according to some aspects, with reference to Figure 2,
one or more of the received sensor signals 110 comprises
detection information associated with a first object, the
detection information comprising any of; position coordi-
nates relative to a sensor, position coordinates in an ab-
solute coordinate system, a velocity vector, an acceler-
ation vector, a bearing relative to a sensor, a heading.
[0062] According to some other aspects, again with
reference to Figure 2, one or more of the received sensor
signals comprise information related to an object class
type 113 of the first object.
[0063] According to some further aspects, with refer-
ence to Figure 2, one or more of the received sensor
signals comprise information related to an object exist-
ence probability 114 of the first object.
[0064] We now provide several non-limiting examples
to further illustrate the proposed principles and associat-
ed advantages of the inventive concepts described here-
in.

[0065] Example 1: Based on an object class type from
an existing object state, the corresponding existence
probability of the object can be adjusted for increased
accuracy and reliability by the sensor signal processing
unit disclosed herein. Suppose, e.g., that a radar-based
sensor system has a high detection probability for vehi-
cles, but cannot determine class type, i.e., is not able to
generate a sensor signal comprising class type informa-
tion, only existence probability. Suppose that the sensor
signal processing unit can estimate or otherwise deter-
mine the class type (e.g. by using a camera-based sensor
system). If a given object is not seen by the radar-based
sensor system within its field of view (FOV), it is likely
that a false-alarm was generated by the camera and that
there is no physical object. The object existence proba-
bility in the object state is then adjusted (decreased) by
an amount. Of course, if the object is located outside the
field of view of some sensor, then said adjustment is not
carried out. In contrast, radar-based sensor systems are
sometimes not able to detect pedestrians due to the low
RCS of pedestrians, especially at long range, so in this
case the existence probability should not be decreased
as in the case before. Thus, if a camera-based system
sees a pedestrian which the radar-based system does
not see, the existence probability is maintained or de-
creased by a smaller amount compared to above. Ac-
cording to this example, the determined existence prob-
ability is enhanced to be more accurate.
[0066] According to an embodiment, the sensor signal
processing unit 100 disclosed herein comprises a control
unit 105 which is arranged to determine the object exist-
ence probability 180 of a first object based on an existing
object class type 170 of the first object.
[0067] Thus, advantageously, an object existence
probability is determined more accurately and/or more
robustly than in methods disclosed in the prior art, since
additional information is used in the determining.
[0068] Example 2: Based on an object motion state
from an existing object state, the corresponding object
existence probability can be adjusted by the sensor sig-
nal processing unit disclosed herein. Suppose that a mo-
no camera is not able to detect crossing vehicles with
high accuracy, due to that there is no classifier for cross-
ing vehicles. If a radar-based sensor system has seen
an object, but the camera-based sensor system not, with
prior art approaches the existence probability would be
decreased. However, knowing the present object motion
state to be ’crossing’, this decrease in existence proba-
bility can be avoided, since the detection probability of
the camera can be set to a very small value for the specific
motion state of crossing vehicles. In other words, the spe-
cific mono camera not detecting the object is not unex-
pected, but rather strengthens the hypothesis that the
detected object is a crossing vehicle.
[0069] The sensor signal processing unit 100, accord-
ing to some aspects, comprises a control unit 105 which
is arranged to determine an object existence probability
180 of a first object based on an existing object motion
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state 150 of the first object.
[0070] Again, advantageously, an object existence
probability is determined more accurately and/or more
robustly than in methods disclosed in the prior art, since
more information is used in the determining.
[0071] Example 3: Based on a motion state from an
existing object state, the class type and/or class type
probabilities can be adjusted by the sensor signal
processing unit. Suppose in this example that a fusion
or tracking algorithm determines that an object now has
accelerated to a velocity of 80 kilometers per hour. This
specific value for velocity falls within a range of motion
states that is unlikely to comprise pedestrians and cy-
clists. Hence, the object class type should be updated
or, alternatively, the object class probabilities should be
adjusted by an amount.
[0072] The sensor signal processing unit 100, accord-
ing to some aspects, comprises a control unit 105 which
is arranged to determine the object class type 170 of a
first object based on an existing object motion state 150
of the first object.
[0073] Advantageously, an object class type is deter-
mined more accurately and/or more robustly than in
methods disclosed in the prior art, since more information
is used in the determining.
[0074] Example 4: An object class type in an existing
object state is, e.g., a vehicle from a previous camera
measurement. A radar-based sensor provides a new
measurement with low RCS close to the object. Low RCS
would have the effect that the radar-based sensor would
generate a sensor signal comprising a low detection rate
/ high false alarm rate for this object. But since fusion
knows that the object is a vehicle, the reported detection
rate can be maintained or even increased.
[0075] Hence, a value of an existence probability
measure comprised in a sensor signal associated with a
first object is adjusted based on an existing object class
type 170 of the first object.
[0076] Advantageously, an object classification is de-
termined more accurately and/or more robustly than in
methods disclosed in the prior art, since more information
is used in the determining.
[0077] Example 5: A database or look-up-table can be
used to calculate an object existence probability, by
means of a sensor signal processing unit, for an object
seen by a sensor system which does not provide any
information about the existence probability. Either the
sensor provides a class type 113 in its sensor signal
which can be used to index the database or look-up table,
or the class type of the associated object 170 comprised
in an existing object state is used as input for the look-
up table or database.
[0078] For example, suppose a camera-based sensor
has been extensively experimented with to determine a
set of values of detection probability as function of object
class types, different detection ranges, detection angles,
velocities and acceleration vectors, and the like. If now
a detection of a first object is generated by the camera-

based sensor system with object class type vehicle (from
another sensor system or from fusion) and/or known mo-
tion state (from another sensor system or from fusion)
the detection rate / false alarm probability and or object
existence probability can be obtained from the database
using an existing object state of the first object.
[0079] Thus, according to some aspects, the sensor
signal processing unit 100 comprises a control unit 105
which is arranged to determine the object existence prob-
ability 180 of an object based on existence probability
data stored in a database unit corresponding to the ex-
isting object class type of the first object.
[0080] Advantageously, an object existence probabil-
ity of a detected object can be determined even in cases
where no sensor signal is received that comprises direct
information about such object existence probability.
[0081] Example 6: Suppose a sensor system, such as
a radar-based sensor system, generates a sensor signal
comprising information on object existence probability,
but no information on object class type. A fusion system
may then associate low existence probabilities with class
types corresponding to smaller RCS, and higher exist-
ence probabilities with class types corresponding to larg-
er RCS. For instance, a small RCS detection is more
likely to be a pedestrian than it is to be a larger truck.
[0082] Thus, there is also disclosed herein a sensor
signal processing unit 100 with a control unit 105 ar-
ranged to determine an object class type 170 of a first
object based on an existing object existence probability
180 of the first object.
[0083] Thus, advantageously, object classification is
determined more accurately and/or more robustly than
in methods disclosed in the prior art, since more infor-
mation is used in the determining.
[0084] Also, advantageously, an object class type of a
detected object can be determined even in cases where
no sensor signal is received that comprises direct infor-
mation about such object class type.
[0085] Figure 3 shows a block diagram schematically
illustrating a sensor arrangement comprising a sensor
signal processing unit and sensor systems. Figure 3 il-
lustrates a sensor system 112 configured to generate a
sensor signal comprising information on object class type
113, and on object existence probability 114. These sen-
sor signals are received by corresponding object class
type 170 and object existence probability 180 modules
of the control unit 105.
[0086] The object class type module here further com-
prises an object class type probability module 175. With
such a module, hard decisions on objects class type are
not determined. Rather, a probability is assigned to each
object class type out of a predetermined set of object
class types. The most likely object class type for a given
object is then assigned a relatively high probability, while
the more unlikely object class types associated with the
object are assigned relatively low probability values.
Probability values, as previously, can be specified using
percentages, with 100% being a totally certain value, or
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on a scale from 0 to 1, where 1 represents total certainty.
[0087] Figure 3 also shows a sensor signal fusion
stage 200 arranged to receive the sensor signals and to
apply a fusion algorithm known in the art to sensor signals
before presenting the tracking filter with the fused infor-
mation.
[0088] Figure 3 furthermore illustrates the connection
between object motion state 150, object class type 170,
175, and object existence probability 180 by connecting
arrows. These arrows serve to illustrate the inventive
concepts described herein.
[0089] Figure 4 shows a flowchart illustrating methods
according to the present disclosure.
[0090] Figure 4 illustrates a method performed by a
sensor signal processing unit for classifying one or more
objects based on sensor signals received from one or
more sensors. The method comprises receiving S1 the
sensor signals via an input interface of the sensor signal
processing unit, and determining S2, by a control unit of
the sensor signal processing unit, an object state asso-
ciated with each of the one or more objects based on the
sensor signals, the object state comprising an object mo-
tion state and an object classification, an object classifi-
cation comprising an object class type and an object ex-
istence probability. The determining comprises determin-
ing at least part of the object classification of a first object
based on sensor signals related to the object classifica-
tion of the first object, and on an existing object state of
the first object.
[0091] According to some aspects, the determining
comprises determining the object existence probability
of the first object based on an existing object motion state
of the first object and/or based on an existing object class
type of the first object.
[0092] According to some other aspects, the determin-
ing comprises determining the object class type of the
first object based on an existing object motion state of
the first object and/or based on an existing object exist-
ence probability of the first object.
[0093] The implementation and function of the sensor
signal processing unit was described above in connec-
tion to, e.g., Figures 2 and 3. Examples 1 through 6 which
were discussed above exemplifies aspects of the dis-
closed methods.
[0094] With reference to Figure 5, showing a top view
of an ego vehicle 1, the ego vehicle 1 comprises a sensor
arrangement 2. The sensor arrangement 2 in turn com-
prises one or more sensor signal processing units 100
as discussed above and one or more sensor systems
111, 112.
[0095] The sensor systems may comprise, e.g., a ra-
dar-based sensor system, a lidar-based sensor system,
and a camera-based sensor system.
[0096] The radar-based sensor system, the lidar-
based sensor system, and the camera-based sensor sys-
tem are arranged to acquire measurement data by
means of measurements, and acquired sensor data is
handled by means of the control unit in the sensor signal

processing unit.
[0097] In Figure 5, the ego vehicle 1 is travelling on a
road 5 behind a first object 6a, a vehicle, and a second
object 6b, a pedestrian. The radar-based sensor system
is arranged to obtain radar object measurement data by
detecting radar detections 8 by means of transmitted ra-
dar signals 9a and received radar signals 9b. The camera
sensor device is arranged to obtain camera object meas-
urement data in the form of image data as discussed
above.
[0098] The sensor signal processing unit 100 is ar-
ranged to track the target objects 6a, 6b such that motion
states of the target objects 6a, 6b can be determined by
means of obtained object measurement data from the
radar sensor arrangement and the camera sensor de-
vice. For this purpose, the sensor signal processing unit
is adapted to run a suitable tracking algorithm in a pre-
viously well-known manner.
[0099] A tracking filter, such as for example a Kalman
Filter, is used in a fusion process that is arranged to main-
tain target objects 6a, 6b which have been detected re-
cently. Their motion state, position, heading, velocity and
acceleration, is estimated and updated by measure-
ments from the sensors 111, 112.
[0100] To identify the target objects 6a, 6b, which gen-
erally are constituted by objects around the ego vehicle
such as other vehicles, pedestrians, lorries, cyclist etc.,
the sensor signal processing unit 100 is adapted to de-
termine an object class type for each one of the target
objects 6a, 6b and is for example used to adapt the track-
ing algorithm or trigger an emergency system such as
emergency braking.
[0101] In order to verify that a certain object exists and
that a false alarm is not present, the sensor signal
processing unit 100 is adapted to determine an object
existence probability associated with each track or de-
tected object. The aim is to determine how certain the
tracking algorithm is that an object corresponds to a phys-
ical obstacle and not to clutter, false alarm, or otherwise
erroneous detection. The object existence probability
can for example be used to avoid an emergency brake
due to a non-existing object.
[0102] Previously, in the prior art, the class type and
existence probability have been calculated independent-
ly and direct using relevant sensor input.
[0103] According to the present disclosure, the sensor
signal processing unit 100 is able to classify one or more
objects 6a, 6b based on sensor signals received from
the one or more sensors 111, 112. The sensor signal
processing unit comprises an input interface adapted to
receive the sensor signals and a control unit, not shown
in Figure 5, adapted to determine an object state asso-
ciated with each of the one or more objects based on the
sensor signals. The object state comprises an object mo-
tion state and an object classification. An object classifi-
cation, in turn, comprises an object class type and an
object existence probability. The control unit is arranged
to determine the object classification of a first object
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based on sensor signals related to the object classifica-
tion of the first object, and on an existing object state of
the first object.
[0104] This means that the control unit is arranged to
perform classification estimation over all frames, for ex-
ample for the target vehicle 6a, and according to some
aspects to also estimate a corresponding object class
type probability. Further, the control unit is arranged to
perform an existence probability estimation over all
frames, which according to some aspects is updated from
sensor detection probability/false alarm rate, or directly
with an existence probability.
[0105] The present disclosure is not limited to the ex-
amples above, but may vary freely within the scope of
the appended claims.
[0106] All calculations, processes etc. are assumed to
be performed by means of the sensor signal processing
unit. Generally, a control unit can be comprised by one
or more separate or integrated control units.
[0107] To summarize, according to some aspects of
the present disclosure, a fusion system, such as the fu-
sion system of the ego vehicle illustrated in Figure 5,
receives sensor signals from one or multiple sensor sys-
tems (e.g. camera, radar, lidar, etc.) and determines an
object existence probability associated with detected ob-
jects in a way that it uses an estimate or determination
of the class type and/or the motion state of these objects.
[0108] According to some aspects, the object motion
state and object class type are used to determine the
existence probability, or to adjust the sensor signal infor-
mation on object existence probability provided by the
sensors.
[0109] According to some other aspects of the present
disclosure, a fusion system, such as the fusion system
of the ego vehicle illustrated in Figure 5, receives sensor
signals from one or multiple sensor systems (e.g. cam-
era, radar, lidar, etc.) and determines an object class type
associated with detected objects in a way that it uses an
estimate or determination of the object existence proba-
bility and/or the motion state of these objects.
[0110] According to some aspects, the object motion
state and object existence probabilities are used to de-
termine the object class type, or to adjust the sensor sig-
nal information on object class type provided by the sen-
sors.
[0111] According to some further aspects, the motion
state (e.g. the heading, velocity etc.) is used to determine
the class type and/or class type probabilities, and/or ob-
ject existence probability. Here, the motion state of an
object (e.g. heading vector, velocity vector, etc.) is used
to increase / decrease determined values as provided by
sensor systems.
[0112] According to some further aspects, the motion
state (e.g. heading, velocity, position, etc.) is used to de-
termine an object existence probability, when such infor-
mation is not comprised in received sensor signals.
[0113] According to other aspects, a database with ex-
perimental data can be used to determine class type

and/or object existence probability based on the detec-
tion or non-detection of the object by a sensor.
[0114] For example, a database of different class types
with corresponding motion states and/or existence prob-
abilities can be constructed.
[0115] For example, a database of different existence
probabilities with corresponding motion states and/or
class types can be constructed.
[0116] Using such databases built from experimental
data or from other sources, information on, e.g., class
type can be translated into a likely existence probability.
Also, for example, information on, e.g., existence prob-
ability can be translated into a likely class type.
[0117] According to further aspects, the sensor spec-
ifies and sends information about its capability to detect
objects from a certain class type and/or range of motion
states to the fusion system. The fusion system may then
associate certain motion states with specific values of
object existence probabilities, and/or associate certain
object class types with specific values of object existence
probabilities.
[0118] Generally, the present disclosure relates to a
sensor signal processing unit 100 for classifying one or
more objects based on sensor signals 110 received from
one or more sensors 120, the sensor signal processing
unit comprising an input interface 130 adapted to receive
the sensor signals and a control unit 105 adapted to de-
termine an object state associated with each of the one
or more objects based on the sensor signals, an object
state comprising an object motion state 150 and an object
classification 160, an object classification comprising an
object class type 170 and an object existence probability
180. The control unit 105 is arranged to determine at
least part of the object classification 160 of a first object
based on sensor signals 110 related to the object clas-
sification of the first object, and on an existing object state
of the first object.
[0119] According to some aspects, the control unit is
arranged to determine the object existence probability
180 of the first object based on an existing object motion
state 150 of the first object.
[0120] According to some aspects, the control unit is
arranged to determine the object existence probability
180 of the first object based on an existing object class
type 170 of the first object.
[0121] According to some aspects, the sensor signal
processing unit 100 comprises a database unit 190. The
control unit 105 is arranged to determine the object ex-
istence probability 180 based on existence probability
data stored in the database unit corresponding to the
existing object class type of the first object.
[0122] According to some aspects, a value of an ex-
istence probability measure comprised in a sensor signal
associated with the first object is adjusted based on the
existing object class type 170 of the first object.
[0123] According to some aspects, the control unit is
arranged to determine the object class type 170 of the
first object based on an existing object motion state 150
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of the first object.
[0124] According to some aspects, the control unit is
arranged to determine the object class type 170 of the
first object based on an existing object existence proba-
bility 180 of the first object.
[0125] According to some aspects, one or more of the
received sensor signals 110 comprising detection infor-
mation associated with the first object, the detection in-
formation comprising any of; position coordinates relative
to a sensor, position coordinates in an absolute coordi-
nate system, a velocity vector, an acceleration vector, a
bearing relative to a sensor, a heading.
[0126] According to some aspects, one or more of the
received sensor signals comprise information related to
an object class type of the first object.
[0127] According to some aspects, one or more of the
received sensor signals comprise information related to
an object existence probability of the first object.
[0128] The present disclosure also relates to a method
performed by a sensor signal processing unit for classi-
fying one or more objects based on sensor signals re-
ceived from one or more sensors. The method comprises
receiving S1 the sensor signals via an input interface of
the sensor signal processing unit, and determining S2,
by a control unit of the sensor signal processing unit, an
object state associated with each of the one or more ob-
jects based on the sensor signals, the object state com-
prising an object motion state and an object classification,
an object classification comprising an object class type
and an object existence probability. The determining
comprises determining at least part of the object classi-
fication of a first object based on sensor signals related
to the object classification of the first object, and on an
existing object state of the first object.
[0129] According to some aspects, the determining
comprises determining the object existence probability
of the first object based on an existing object motion state
of the first object and/or based on an existing object class
type of the first object.
[0130] According to some aspects, the determining
comprises determining the object class type of the first
object based on an existing object motion state of the
first object and/or based on an existing object existence
probability of the first object.
[0131] Some of the various example embodiments de-
scribed herein, in particular related to the sensor signal
processing units, are described in the general context of
functional units, method steps or processes, which may
be implemented in one aspect by a computer program
product, embodied in a computer-readable medium, in-
cluding computer-executable instructions, such as pro-
gram code, executed by computers in networked envi-
ronments. A computer-readable medium may include re-
movable and non-removable storage devices including,
but not limited to, Read Only Memory, ROM, Random
Access Memory, RAM, compact discs, CDs, digital ver-
satile discs, DVDs, etc. Generally, program modules may
include routines, programs, objects, components, data

structures, etc. that performs particular tasks or imple-
ment particular abstract data types. Computer-executa-
ble instructions, associated data structures, and program
modules represent examples of program code for exe-
cuting steps of the methods disclosed herein. The par-
ticular sequence of such executable instructions or as-
sociated data structures represents examples of corre-
sponding acts for implementing the functions described
in such steps or processes.
[0132] According to some aspects, the disclosed sen-
sor signal processing unit comprises processing circuitry.
The processing circuitry may be any suitable type of com-
putation unit, e.g. a microprocessor, digital signal proc-
essor, DSP, field programmable gate array, FPGA, or
application specific integrated circuit, ASIC, or any other
form of circuitry. It should be appreciated that the
processing circuitry need not be provided as a single unit
but may be provided as any number of units or circuitry.

Claims

1. A sensor signal processing unit (100) for classifying
one or more objects based on sensor signals (110)
received from one or more sensors (120), the sensor
signal processing unit comprising an input interface
(130), adapted to receive the sensor signals, and a
control unit (105) adapted to determine an object
state associated with each of the one or more objects
based on the sensor signals, an object state com-
prising an object motion state (150) and an object
classification (160), an object classification compris-
ing an object class type (170) and an object existence
probability (180), characterized in that the control
unit (105) is arranged to determine at least part of
the object classification (160) of a first object based
on sensor signals (110) related to the object classi-
fication of the first object, and on an existing object
state of the first object.

2. The sensor signal processing unit (100) according
to claim 1, wherein the control unit is arranged to
determine the object existence probability (180) of
the first object based on an existing object motion
state (150) of the first object.

3. The sensor signal processing unit (100) according
to claim 1, wherein the control unit is arranged to
determine the object existence probability (180) of
the first object based on an existing object class type
(170) of the first object.

4. The sensor signal processing unit (100) according
to claim 3, comprising a database unit (190), wherein
the control unit (105) is arranged to determine the
object existence probability (180) based on exist-
ence probability data stored in the database unit cor-
responding to the existing object class type of the
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first object.

5. The sensor signal processing unit according to claim
3 or 4, wherein a value of an existence probability
measure comprised in a sensor signal associated
with the first object is adjusted based on the existing
object class type (170) of the first object.

6. The sensor signal processing unit (100) according
to any previous claim, wherein the control unit is ar-
ranged to determine the object class type (170) of
the first object based on an existing object motion
state (150) of the first object.

7. The sensor signal processing unit (100) according
to any previous claim, wherein the control unit is ar-
ranged to determine the object class type (170) of
the first object based on an existing object existence
probability (180) of the first object.

8. The sensor signal processing unit (100) according
to any previous claim, one or more of the received
sensor signals (110) comprising detection informa-
tion associated with the first object, the detection in-
formation comprising any of; position coordinates
relative to a sensor, position coordinates in an ab-
solute coordinate system, a velocity vector, an ac-
celeration vector, a bearing relative to a sensor, a
heading.

9. The sensor signal processing unit (100) according
to any previous claim, wherein one or more of the
received sensor signals comprise information relat-
ed to an object class type of the first object.

10. The sensor signal processing unit (100) according
to any previous claim, wherein one or more of the
received sensor signals comprise information relat-
ed to an object existence probability of the first object.

11. A sensor arrangement (2) comprising a sensor signal
processing unit according to any previous claim, and
one or more sensors configured to transmit the sen-
sor signals to the sensor signal processing unit.

12. A vehicle (1) comprising a sensor arrangement ac-
cording to claim 11.

13. A method performed by a sensor signal processing
unit for classifying one or more objects based on
sensor signals received from one or more sensors,
comprising;
receiving (S1) the sensor signals via an input inter-
face of the sensor signal processing unit,
determining (S2), by a control unit of the sensor sig-
nal processing unit, an object state associated with
each of the one or more objects based on the sensor
signals, the object state comprising an object motion

state and an object classification, an object classifi-
cation comprising an object class type and an object
existence probability,
characterized in that the determining (S2) compris-
es determining at least part of the object classifica-
tion of a first object based on sensor signals related
to the object classification of the first object, and on
an existing object state of the first object.

14. The method according to claim 13, wherein the
determining (S2) comprises determining the object
existence probability of the first object based on an
existing object motion state of the first object and/or
based on an existing object class type of the first
object.

15. The method according to claim 13 or 14, wherein the
determining (S2) comprises determining the object
class type of the first object based on an existing
object motion state of the first object and/or based
on an existing object existence probability of the first
object.
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